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Fatty Bodies  o f  Larva o f  ITe l ioph ila  p h r a g m it id i c o la ,  Gnen.
The e a r l i e s t  mention o f  f a t t y  b o d ie s  in  the l i t e r a t u r e  consulted  
by me i s  by Kirby and Soence 1826 (1#) In t h e i r  t r e a t i s e  on Fntomol 
-o g y  they say " that  in  the l a r v a l  s ta te  o f  in s e c t s  there  i s  a many 
lob ed  mass occupying  the e n t i r e  body c a v i t y  wrapping and p r o t e c t in g  
the in t e r n a l  organs.  I t  i s  accumulated as a s t o r e  o f  nutriment f o r  
growth and development during the pupa s t a t e " .
The next  mention I have seen was' by M.Th.Lacordaire  in 1839 (2 ) .  
He g iv e s  the f o l l o w i n g  p o i n t s  in regard  to the f a t t y  t i s s u e  o f  
i n s e c t s .
1 s t .  "That they are a p e c u l i a r  substance  whose s t r u c tu r e  and
fu n c t i o n s  appear to be i d e n t i c a l  with the f a t  o f  v e r t e b r a t e s .
c  1
a<- 2nd. They appear t o  surround c e r t a i n  organs f o r  p ro te c  t i o n ,  forming% w
C a k ind  o f . c u s h i o n  between the n e ig h b or in g  o r g a n s , e s p e c i a l l y  around 
the d o rsa l  v e s s e l  and d i g e s t i v e  cana l .
3rd. I t  serves  as n u t r i t i o n  and p la y s  a part  e x a c t ly  resembling 
that o f  the f a t  o f  mammals s u b je c t  to h ib e r n a t io n .
4th.  They have an e x c r e to r y  f u n c t i o n  resembling that o f  the l i v e r  
o f  h igher  an im als" .
P r a c t i c a l l y  the same views were presented  by Burmeister (3) at 
about the same time.
These and o th e r  w r i t e r s  f o r  the most part  d i s cu s s e d  the g r o s s
# .  Numbers r e f e r  to  b ib l iogranhy
anatomy and p h y s io lo g y  o f  these  organs,  and bat  l i t t l e  was done in 
the l i n e  o f  h i s t o l o g i c a l  examination or  the study o f  t h e i r  embryo- 
l o g i c a l  development u n t i l  com parat ive ly  recent  t imes.
A number o f  authors might be m entioned ,as  Packard (6) and 
Comstock (1 1 ) ,  who have spoken b r i e f l y  on the s u b je c t ;  but they 
have merely quoted the r e s u l t s  o f  the i n v e s t i g a t i o n s  o f  o th er  men 
and have not themselves worked out any new f a c t s .
In recen t  times (1886) W ie lo w ie js k i  (10) has made some h i s t o l o g ­
i c a l  s tu d ie s  on Phryganeid la rv a e  w ith  s o e c i a l  r e f e r e n c e  to the 
b lo o d  t i s s u e  (Blutgowebe) . Under th is  term he in c lu d e s  the f o l l o w ­
ing s t r u c t u r e s : -  (1) "the b lo o d  c o r p u s c l e s .  (2) the f a t  body proper 
(3) the p e r i c a r d i a l  f a t - b o d y .  ( 4 ) the oe n o cy te s ,  o f  which he 
d i s t in g u i s h e s  th ree  v a r i e t i e s  in  some i n s e c t s .  He f i r s t  f u l l y  
descr ibed ,  the oenocy tes  and named them from t h e i r  wine y e l low  c o lo r  
He p o in t e d  out that  these  oe n o cy te s  are  not  i n f r e q u e n t l y  the 
la r g e s t  c e l l s  in the body except  the ova, that  they are  arranged in 
metameric c l u s t e r s  in the t ra ch ig e r o u s  abdominal segments,and that 
they are more o r  l e s s  in t im a te ly  a s s o c i a t e d  with  the b l o o d  and f a t  
body.  They sometimes occu r  in  the t h o r a c i c  re g io n  and extend over  
the s t e r n a l  r e g io n .  The seperate  c e l l s  o f  the c l u s t e r  are u su a l ly  
independent o f  one another but in  rare  in s ta n ce s  fu se  in  p a i r s  or 
to form small c l u s t e r s " .  He d id  not  m ainta in  a common o r i g i n  o f  the 
va r iou s  kinds o f  b l o o d  t i s s u e .
Graber,  h o w e v e r , (13) in h i s  study o f  embryology o f  Stenobothrus,
TTy dr op h i  la s  and other  forms, d id  not  h e s i t a t e  to conc lude  that  the 
d i f f e r e n t  forms o f  b l o o d  t i s s u e  are g e n e t i c a l l y  r e l a t e d ,  the 
c o n c lu s io n s  at  which he a r r iv e s  are s ta te d  very  b r i e f l y  by Wheeler 
(14) as f o l l o w s ;
1. "The oenocy tes  are d e r iv e d  from the ectoderm.
2. They are  metamorphosed in to  the f a t  body.
3. The b l o o d  c o r p u s c l e s  a r i s e  from the fa t  body ( and a l so  from the 
oenocy tes  ?) Ergo the fa t  body and the b l o o d  are ectodermal s t r u c t ­
ures . "
Wheeler (12) says "Beside l i n i n g  the mesenteron, the corpus 
adiposum, rep resen ted  during the embryonic l i f e  o f  Doryphora by a 
number o f  granular  c e l l s  which c o n s ta n t ly  in cre a s e  in  s i z e  up to 
the time o f  h a t c h in g ,p r o b a b ly  o r i g i n a t e s  from the entoderm. I have 
observed  in severa l  cases  that b e f o r e  the two p o s t e r i o r  bands o f  
entoderm have reached the middle o f  the embryo, a number o f  granu­
l a r  and somewhat la r g e r  c e l l s  are to  be found mingled w ith  the 
c e l l s  o f  the bands. I conc lude  that  these  c e l l s  are o f  entodermic 
o r i g i n  because when f i r s t  seen they are a s s o c ia t e d  w ith  the 
entoderm c e l l s  and resemble them more c l o s e l y  than they resemble 
the ad ja cen t  mesodermic e lements.  At f i r s t  sffiall, these  f a t  c e l l s  
g ra d u a l ly  but co n s ta n t ly  in c r e a s e  in  s i z e ,  t h e i r  cytoplasm and 
n u c l e i  in c r e a s in g  in  about the same r a t i o .  They wander about in 
the body c a v i t y ,b u t  f i n a l l y  a t ta c h  themselves to  the ectoderm ic  
body w a l ls ,  e s p e c i a l l y  in  the p o s t e r i o r  t w o - t h i r d s  o f  the embryo on
each s id e  o f  the h e a r t .  They r  main more or  l e s s  g l o b u la r  or  o v a l ,  
the s id e  in  c o n ta c t  w ith  the wal l  h o l low in g  out a c o n c a v i ty  in  the 
c e l l s  o f  the ectoderm. The g r a n u la t io n  o f  the cytoplasm which f i r s t  
d i s t in g u i s h e s  the f a t  c e l l s  from the true  entodermic elements 
becomes c o a r s e r  w ith  the in cre a se  in volume. In the embryo ready 
to  hatch  the ad ipose  c e l l s  have acqu ired  g i g a n t i c  d im en sions . "
In a l a t e r  a r t i c l e  ( 14 ) he  d i s c u s s e s  t h e  v a r i o u s  v i e w s  p r e s e n t e d  
by d i f f e r e n t  w r i t e r s  and f r o m  h i s  own o b s e r v a t i o n s  on t h e  e m b r y o l o -  
gy  o f  E l a t t a ,  X i p h i d i u m ,  D y t i s i e u s  and s e v e r a l  o t h e r  s p e c i e s  i s  l e d  
t o  a c o n c l u s i o n  d i r e c t l y  o p p o s i t e  t o  t h a t  a d v a n c e d  by G ra b e r  a s  to  
th e  o r i g i n  o f  t h e  f a t  b o d y .  Re s a y s ;  " G r a b e r  m a i n t a i n s  t h a t  t h e  f a t  
b o d y ,  a t  l e a s t  i n  p a r t p a r i s o s  f r o m  t h e s e  o e n o c y t e  c l u s t e r s .  But a 
s e c t i o n  t h r o u g h  a young B l a t t a  embryo s h o r e  m ost  c o n c l u s i v e l y  t h a t
t h i s  i s  not the ca s e .  The o e n ocy tes  may be  seen s t i l l  forming a
, . . + Vl_,r viovp d i f f e r e n t i a t e d  w hile  the
part  o f  the ectoderm from which they h .ve  d i * -  ■ -
• ' m v  a t h i c k e n e d  p o r t i o n  o f  t h e  i n n e r  c o e l o m i c  w a l l ,
f a t  body i s  s i m p l y  a t m c K e n - u  t
, + u nyi nf  f at, vacuoles
. . j i onirely due to  an accumul t i o nThe th ic k e n in g  i s  l a r g e l y  u ^
w e re  G-raber c o r r e c t  in  h i s  
m  t h e  c y t o p l a s m  o f  t h e  mesoderm c e l l s ,  h e r e
. .  B i t h er  t o  f i n d  no  a d i p o s e  t i s s u e  i n  t h e  embryo assumption we o u g h t  e i o h e r  t o  n m
o u t s id e  o f  the e igh t  t ra ch ig e ro u s  abdominal segments or  be ab le  
show that  the  o e n ocy tes  m igrate  in to  the head, thorax and term inal  
abdominal segments and there  form the f a t  b o d y - s in c e  f a t  t i s s u e  
i s  deve loped  in a l l  these  r e g io n s  o f  the body. But a lthough some oi 
the o e n o cy te s  do l a t e r  on migra'te in to  the metathorax and oerhaps
even in to  the mesothorax they never oc cu r  in  the head. Moreover, 
long  b e f o r e  any m ig ra t io n  takes p l a c e ,  th ick e n in g s  o f  the coe lom ic  
wall  are found g i v i n g  r i s e  to  the f a t  body in  the thorax ,  g n a t h i t i c  
segments o f  the abdomen. Furthermore the o e n o cy te s ,  so f a r  as I 
have been a b le  t o  observe ,  are always p e r f e c t l y  d i s t i n c t  from the 
f a t  body,  never con ta in  f a t - v a c u o l e s ,  and never d iv id e  a f t e 1" they 
are once d i f f e r e n t i a t e d  from the ectoderm during  embryonic l i f e .  It 
f o l l o w s  then that, the f a t  body i s  not  d e r iv e d  from the o en ocy tes ,  
that i t  i s  not  o f  ectodermal but o f  mesodermal o r i g i n  as claimed by 
the m a jo r i t y  o f  au th ors " .
In h i s  study o f  the contag ious  d i se a s e s  o f  i n s e c t s  Forbes (8) 
has found that the f a t t y  b o d ie s  are the f i r s t  p a r t s - t o  be attacked  
by c e r t a i n  o f  these d i se a s e s  and that  they are  s p e e d i ly  destroyed .
From the f o r e g o i n g  a r t i c l e s  we may draw the f o l l o w i n g  summary 
statement o f  knowledge and op in ion  concern ing  the o r i g i n , s t r u c t u r e ,  
and uses o f  the f a t t y  b o d ie s .
The f a t t y  b o d ie s  are o f  mesodermic o r i g i n  s in ce  they are formed 
from the ceo lom ic  c a v i t y  by in largement o f  i t  and the transform ing  
o f  the c e l l s  in to  f a t  c e l l s  in which are  to be found fa t  v a cu o les  
and are not  formed from the oen ocy tes  which are entodermal because  
i f  they wore i t  would be n ecessa ry  to  account f o r  t h e i r  appearanc 
in the hea d ,th ora x ,a n d  abdominal segments b e f o r e  they m igrate  at 
a l l  as f a t t y  t i s s u e  i s  formed e a r ly  in  a l l  r e g io n s .  And they never 
have been known to m igrate  in to  the head.
In s t r u c t u r e  they are many lob ed  organs which com p lete ly  enclose  
the o ther  organs,  they are composed o f  v a r io u s  shaped c e l l s  o f  two 
k inds ,  the f a t t y  b o d ie s  proper  and the p e r i c a r d i a l  f a t t y  b o d ie s .
The former seldom i f  ever have more than one nucleus  to  each c e l l  
and the cytoplasm be ing  more compact. The l a t t e r  have two or  more 
n u c l e i  and the cytoplasm i s  l e s s  compact.
They are r e l a t e d  to  the b l o o d  t i s s u e  in  f u n c t i o n  and hence are 
c l a s s e s  w ith  them and sometime they are sa id  to  have a common 
o r i g i n .
Their  fu n c t i o n s  are as f o l l o w s ; -  1. The fu n c t i o n  n e a r ly  i d e n t i ­
c a l  with  f a t  o f  v e r t e b r a t e s .  2. I t  serves  as a s t o r e  o f  nutriment 
f o r  t ra ns fo rm a t ions  and h ib e r n a t io n .  3. They have an e x c r e t o r y  
fu n c t i o n  resem bling  that  o f  the l i v e r  o f  h igher  animals . 4 . "Form a 
p r o t e c t i o n  f o r  some o f  the organs,  forming a k ind  o f  cushion 
between n e ig h b or in g  organs e s p e c i a l l y  the a o r s a l  and d i g e s t i v e  
c a n a l .
My o b s e r v a t io n s  are based on soecimens o f  H e l iop h i l a  
p h r a g m it id i c o la  c o l l e c t e d  in the sp r ing  o f  1892 at Champaign,111. 
b e f o r e  g iv in g  an account o f  the f a t t y  b o d ie s  them selves ,  I s h a l l  
make some statements regard in g  the methods employed in k i l l i n g  and 
f i x i n g  and g iv e  a genera l  d e s c r i p t i o n  o f  the in te r n a l  apatomy o f  
the specimens under examination.
H e l i o p h i l a  ( L e u c a n i a )  p h r a g m i t i d i t i c o l a  h i b e r n a t e s  as  a l a r v a  
and can  b e  f o u n d  i n  t h e  s p r i n g  n e a r l y  f u l l  grow n.
I n te rn a l  Anatomy.
Upon opening the body o f  a la rv a  by mediam d o rsa l  i n c i s i o n , t h e  
f i r s t  organs seen are the f a t t y  b o d ie s  ( F i g . I . C . )  com plete ly  <
enve lop ing  the o ther  organs.  Holding them in  p l a c e  are the tracheae 
which commence in  the tranks from the  stigmata and extend in a l l  
d i r e c t i o n s ,  d i v i d i n g  and su b d iv id in g  in to  minute branches the 
e x t r e m it ie s  o f  which apparent ly  end in  the f a t t y  b o d ie s .  In the 
d o r s a l  medial  l i n e  o f  the body, com p le te ly  surrounded by f a t t y  
t i s s u e ,  i s  the c y l i n d r i c a l  heart  extending  the e n t i r e  length  o f  the 
body.  The r e p r o d u c t iv e  glands are found in  the  e ighth  segment on 
the d o r s a l  s id e  o f  the body above the h e a r t .  The f a t t y  b o d ie s  a lso  
com plete ly  surround the a l im entary  canal ( P i g . I . A . )  which f i l l s  
n ea r ly  the e n t i r e  body c a v i t y .  I t  i s  d iv id e d  in  the f o l l o w i n g  
d i v i s i o n s ; -  the mouth c a v i t y ,  the oesophagus, extending through th< 
f i r s t  three  segments and c o n t in u a l l y  i n c r e a s i n g  in d iameter,  the 
stomach which i s  a l i t t l e  g r e a t e r  in diameter and extends to  the 
tenth segment, and beyond t h i s  the i n t e s t i n e ,  which i s  very much 
sm a l ler  than the stomach and which ends w ith  the anus. At the 
beg inn ing  o f  the i n t e s t i n e s  the Malpighian v e s s e l s  ( P i g . I . L . )  
appear as long  s le n d e r  f r e e l y  f l o a t i n g  tubes .  The s i l k  g lands 
( F i g . I . S . )  are found on the v e n t r a l  s id e  o f  the bodyand they 
extend the e n t i r e  len g th  o f  i t .  The g lands commence in  f r o n t  as 
very  f i n e  tubes and cont inue  thus to the f o u r t h  segment, where they 
in c r e a s e  t o  about three  times t h e i r  o r i g i n a l  s i z e  and cont inue  to
the e ighth  segment. They then r e ta rn  apon themselves and again 
reach  the f o u r t h  segment, where they again return  upon themselves,  
becoming sm aller  and f i n a l l y  reach ing  the p o s t e r i o r  end o f  the 
body.
The nerve cord  ( F i g . I . N . )  i s  s i t u a t e d  on the v e n t r a l  s id e  o f  the 
body.  I t  i s  o f  a p in k is h  hue and i s  composed o f  e leven  g a n g l ia  two 
s i t u a t e d  in the head which supply  the nerves  to  the sense organs 
and e ight  in the body between the f i r s t  and e le v e n th  segments. The 
g a n g l ia  are connected  by nervous m atter .
f i l l i n g .
On Jan 28th, Feb 22nd, A p r i l  5th some la rv a e  were s t u p e f i e d  by 
the fumes o f  cyanide  o f  potassium. Water was put in to  a t e s t  tube 
f i l l i n g  i t  about a quarter  f u l l ,  and in to  t h i s  were dropped the 
la rv a e ,a n d  the water was then b o i l e d .  The la rv a e  kept f o r  d i s s e c t ­
ion  were l e f t  in  water, the o th e r s  t r a n s f e r r e d  to  a l c o h o l  f o r
a h a l f  hour,  then in to  70^ a l c o h o l  one hour, then in to  95,£ a l c o h o l  
i n d e f i n i t e l y .
On Feb 25th, March 29th and A p r i l  5th some la rv a e  were k i l l e d  
by pouring  b o i l i n g  c o r r o s i v e  sublim ate  over them and washing them 
with water f o r  f i v e  minutes Those used in s ta in in g  were put t ’ • 
through a l c o h o l  as above, but those  f o r  d i s s e c t i o n  were kept in 
wat e r .
On A p r i l  5th some la rv a e  were k i l l e d  with 70." a l c o h o l  and
d i s s e c t e d  in a l c o h o l  o f  the same s tre n g th .  •
S ta in in g  and Mounting S l i d e s .
The la rv a e  were taken from 90$a l c o h o l  and put in to  a l c o h o l
f o r  h a l f  an hour, then in to  borax carmine or  c o c h in e a l .  Once they 
were put in to  the s ta in  whole' and l e f t  in s t a in i n g  medium f o r  one 
week. At other  times they were d iv id e d  in to  ha lves  and l e f t  f o r  
three  d a y s ,o r  e l s e  u n t i l  penetrated ,when they assumed a dark red 
c o l o r .  I f  s ta in e d  with borax carmine ,they  were put in to  a c id u la te d  
a l c o h o l  u n t i l  they assumed a b r ig h t  red c o l o r ,w h i c h  req u ire d  about 
three  days. They were then t r a n s f e r r e d  to 95$  a 1coho l  f o r  an hour. 
The la rv a e  s ta in e d  with co ch in e a l  were put from the s ta in  in to  
a l c o h o l .  The remainder o f  the p r o c e s s  was the same f o r  both ,  and was 
as f o l l o w s ;  in to  a l c o h o l  and ch lo ro fo rm  24 hours,  then in to  
p a r a f f i n e  19 hours ,  then in to  p a r a f f i n e  50 deg.C.  on water bath fo r  
two hours.  They were then mounted in small  paper boxes f i l l e d  with 
warm p a r a f f i n e ,  which was c o l l e d  r a p i d ly  u n t i l  hard.
S e c t io n s  were then cut w ith  the microtome. The s e c t i o n s  were 
fa s t e n e d  to the s l i d e s  with  c o l l o d i o n  f i x a t i v e  and the p a r a f f i n e  
d i s s o l v e d  out in tu rp e n t in e .  They were then mounted in  Canada 
Balsam. The borax s ta in ed  la rv a e  which were d iv id e d  in to  ha lves  
gave the b es t  r e s u l t s .
Fatty  B od ies .
F i l l i n g  the la r g e  body c a v i t y  are the f a t t y  b o d ie s  in  the form 
o f  l a r g e  lo b e s  o f  f a t  c e l l s , w h i c h  are o f  two k in d s , t h e  f a t t y  body 
proper  ( F i g . I . F . )  and the p e r i c a r d i a l  f a t t y  body ( F i g . I . F . ) .  These 
f a t t y  b o d ie s  com plete ly  i n c l o s e  the v i s c e r a , b e i n g  e s p e c i a l l y  
abundant around the p e r i c a r d i a l  s inus and above the nervous system. 
They are kept in p l a c e  by numerous branches o f  the t racheae ,w h ich ,  
a c co rd in g  to M ac losk ie ,  ( 5 ) "end in  the fa t  c e l l s " .  They vary from 
white to  y e l l o w  in  c o l o r ,a n d  are n ea r ly  t ra nsp a ren t .  They serve  as 
a s t o r e  o f  nutriment l a i d  up e s p e c i a l l y  f o r  t ra n s fo rm a t ion .  I t  has 
been n o t i c e d  that the f a t t y  b o d ie s  become very abundant b e f o r e  the 
t ra n s fo rm a t ion s  and m a t e r i a l l y  l e s s e n  during them,and i t  has 
f u r t h e r  been n o t i c e d  that  the la rv a e  which h ib e rn a te  become w e l l  
su p p l ied  with f a t .  I found that the f i r s t  la rv a e  in  the sp r in g  had 
com p aret iv e ly  l i t t l e  f a t , b u t  the amount in cre a se d  m a t e r i a l l y  in  a 
very short  time.
Again M aclosk ie  ( 5 ) says " that  the term inal  c e l l s  o f  thetracheae 
are s t e l l a t e  ar d are abundant at the f a t t y  b o d ie s  which by a 
p r o c e ss  o f  slow combustion cause lu m i n o s i t y " .
M i c r o s c o p i c .
The f a t t y  b o d ie s  ( F i g . I . F  )as  seen through the m icroscop e  are 
lobe  shared. The l o b e s  surround the a l imentary cana l ,and  there  i s  
one l o b e  beneath the nerve co rd .  In a s e c t i o n  taken from about the
second s 3gmont o f  the body, the lo b e s  form n ea r ly  one continuous 
band around the al imentary cana l .  In a s e c t i o n  from near the center 
o f  the body, there  were pa rts  o f  two bands on the dorsal and ventral  
s id e s  o f  the a l imentary canal ;  and in  a s e c t i o n  taken from about 
the t e n th  segment o f  the body the f a t t y  b o d ie s  are d i s t r i b u t e d  
about as in  the c e n t ra l  p o r t i o n .  The lo b e s  vary in len gth  from a 
l i t t l e  l e s s  than .05 m.m. -  .7 m.m. a c c o rd in g  to the number o f  
c e l l s  in 9 ach lo b e  and the amount o f  f a t  in  each c e l l .  They are 
about .04 m.m. -  .06 m.m. in  breadth .
The c e l l s  are a l l  very n e a r ly  a l i k e  in  s i z e ,  shape and genera l  
appearance. They are from .04 m.m. -  .06 m.M. in  len gth ;  •°1 m.M. 
in  breadth ;  and from .01 m.m. -  .015 m.m. in t h i c k n e s s .  The c e l l  
wall  i s  very th in  and the  cytoplasm i s  g ranu lar .  In some c e l l s  a 
part  o f  the cytoplasm has been transformed in to  a f a t  g l o b u le  which 
in  a very  few in s ta n ce s  have broken down the e n t i r e  c e l l  w ith  i t s  
n u c le u s .  The nucleus  o f  each c e l l  was deep ly  s ta in e d  and e a s i l y  
r e c o g n iz a b le ,a n d  was about .005 m.m. in  d iameter .
The p e r i c a r d i a l  f a t t y - b o d i e s  ( F i g . I . P . )  were on ly  d i s t i n g u i s h ­
ab le  in  about the seventh to  the tenth  segments i n c l u s i v e .  They 
form a sheath around the p e r i c a r d i a l  s in u s ,s e n d  out arms from the 
d o rsa l  and v e n t r a l  s id e s  which are about .3  m.m. in  le n g th  and 
.02 m.m. in breadth .  The c e l l s  o f  t h i s  t i s s u e  are very  i r r e g u l a r  ir 
shape and the cytoplasm i s  g ra n u la r .  There are two or  three  n u c l e i  
to  each c e l l  which are  about .005 -  .01 m.m. in diameter .
Above the nerve cord  i s  a l o b e  o f  f a t  which i s  about .06 m.m.
in len gth  and .02 m.m. in breadth ,  the n u c l e i  are s i t u a t e d  near the
ends . 
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P ig .  T. Cross s e c t i o n  o f  la r v a .
A. Alimentary canal .
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C. C u t i c l e .
H. Hypodermis.
P. Patty  Bodies p rop er .
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P ig .  I I .  P atty  b o d ie s  proper  cut so as to  show i t  from d i f f e r e n t  
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